
,
,

IAF-95-Q.3.01
Mars Global Surveyor Mission

Glenn E. Cunningham

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California, USA

46th International Astronautical Congress
October 2-6, 1995/ OSIO, Norway

For permission to copy or republish, contact the International Astronautical Federation,
3-5, Rue Mario-Nikis, 75015 Paris, France



I

IAF-95-Q.3.01

MARS GI.OBA1.  SLJf<Vl:YOl<  MISSION

GIcnn  Ii. (hnnin~haln
.lct I’mpulsion  1,aboral ory

California lnstit  utr  of ‘I”ecl Inology
l’asadema, California, lJSA

AIISI’RAC”I’

‘1’hc dcvclopmcnt  of a ncw ]l~ission  to observe MaIs
fro]ll orbit is undcIway by the National Aeronautics
and Space Acil]lit~istl:lti(JIl  and tlIc Jet I’ropuision
laboratory. ‘I’l~is  l]lissi[)]], ttlc M:]rs(ilol)z]lS utvcyol,”
wili bc launcl Ic(i in I:itc 1996, an(i is lhc fltsl mission
of the new MaIs SuIvcyoI-  l) IOg Ian I, a pro~tam with
inlcma[iond  participation, (Ilat will chaIactct-i7e tt]c
p l a n e t  MaIs ftoln orbi(al obset-va(ions  and fro]l~
Sulfacc  II)e:lslllcll  lc.llts,

‘1’tlispapct (iiscusscslllc  tccbnical and progralnlnalic
considerations which have been colnbincxi  10
forlllulatc  tiIc plans for (he h4:i[s Globai Surveyor
(MGS).

‘1’hc fiI-S( objcdivc  of the. mission is to complctc, as
fully aspossiblc,  the flvc original scicmccobjcc(ivcs
of the failed MaIs Observe. I ]nissirrn. The M(is
sl)acccraft,  whic]l  will accmnmo(iatc part ofthc Mars
OiJscrvcr  instrument payioad, will focus on surface
scicncc 10 Imvi(ic  tlIc (iata bmc fol Iancicd Illissiolls
ttia[ wiil follow in ttlc N4rIrs  Surveyor l’Ioglam in
lakr years. Sccondty, the. spacccraf[ will plovidc.  ”a
one-way Iciay capal~ility for US anti intcll~atio!lai
l a n d e d  a n d  atll)ospl]cric  n)issioas.  ‘1’i)irdly, t he
I])ission wiil provi(ic spec ia l  clnpl)asis  on tilosc
]I]c:isurc]ncn[s  w h i c h  coulcl illlpact  lan(iing s i t e
sclcc(ion.

‘1’hc pc. IloI-nlaI!cc  require .n~cnts  for  tiIc MGS
spacmraft  will bc cliscusscci anti tile pay]oaci wiii be
cicscribcd. ‘1’i)c status of tile project cicvcloplncnt  at
iaunclll]linus  13]]lotltils wiiit>c iligiliiglltc(i.

‘]’hc i]llpicl[lcllt:itioll of this mission will bc
afford abic, cngagintl, 1 0  tllc. pui)iic anti provi(ic
nu]ncrous  publ ic c(iucational benefi ts . 1(s
]nanagclllcnt will bc cost, Iathcr than pcrforlnancc,
cirivcn. low cost m i s s i o n  oilcrations  wiii b e
incorporald.

‘1’hc l)rograln]llatic alIpI[~aciI  an(i illans w i l l  bc
dcsc]-itlcci.

l;irlail~, lcssoIIs lcar IIc(i f[om ti~c Mars Observer
cxpcricncc wiii i)c siwwfn  10 l]lovicic entmr]cc]ncnts  to
t h e  aflor(iahility  aII(i succcss of  tile h~ar-s  [ilobai
SuI-vc~  or Mission,

lN’I’i<ol) LJ(:’l’10N”

T h e  Nlars  (iiot):~l SLIIvcyoI (M[i S) l[]ission is an
OLltg 1(1 Wtil Of ttlC fi+iltllt’ of ti~c Nfials Observer
s]mcc([af(  in Au~, us( 1993, 1( is tllc first nlission of a
sc]ics of mbo(ic nlisslo]]s to N4am planne(i by lhc
Na(ioljai Acronaulics aIId  SIMICC Acillliilistr~ilic)l] OVCI
the pc]imi of IIlc nrx[ (ic’ca(ic  to be C. XCCLltC(i by tllc
Jc.t}’loilulsion I.aborat<my.

Wi th  t he  cicn]isc of h4als Obsetvcr  (MO), an t i
pcn(iii, g rcciuctioni ill expenditures for planctaly
cxpio[, ~tion, NASA was csscntiaiiy  wi[i]out  a viable
lmogI:IIn of cx[]loratloti of h4ars.  Members of tiIC
scientif ic  cc)ntn]uliity  calimi for soIIlc  means of
rcca]]turing tiIc otJjcL[ivcs o f  hla[m Oi~scrvcr  a s
]ailirti~ aspossihlc.

Thchlars Globai Sutvcyot  ]aission  waspiannc.ci  aaci
includc(i  in tile NASA i)ucig,cl  during the l)ct-io(i
bctwccn Scptcnltlcr 1 9 9 3  all(i ];cb]uary 1994,  tile
fastcsl a pianctaly inissioll lIas CVCI been conccivcci.
‘1’tlclllission wa$ sLltKc.(lucntiy  appt”ovcci  b y  thcl JS
(k)IIF,lCSS  for ncw fundiIl::  stat[ingin  October 1994
f~)ral[ul~ctli  I~Novcl[ll)c[ 1996.

SUI<VliYOl<  P1{OG1<.AM

Nflars(;iobaisllrvcycl[ is(ilcfil stlllissiotlc  )fa(icc:i(ic
lon~ ]lrogram of h4al> cxi>loration  tc.III~c(i  ti~c M a r s
St]rvu)orl’rop,l:(l]l. ltcotlsistsc )f]]~issic)t~st oMars:~t”
cvc.ry opportunity bcgin[lillg in i996,  witil orbiters
ami iancim. ‘1’hc  [)ro~,ialil imvicics  tbc tcci~nicai and
operations cxpc]-icncc, and the scientific database to



cnahlc a sanlplc  rc(urn  m i s s i o n  i n  t h e  f o l l o w i n g

decade  and for’ cvcnlual  human cxp[oratiotl of Mars,

‘1’hc Surveyor Program is planned with funding levels
of approximately $1 OOM pcr year to incluclc mission,
spacecraft clcvclopmcnt, and flight opcra(ions.
Orbi(crs will pr-ovidc data acquisition on a global
scale OVCI-  t h e  pc,]-iod of a fLi]] Marlian y e a r ,  and

landed elcn)cnls will provide for local,  focused
scicnm.  C)rbi[at missions will also provide relay
Colllllltl[licatiorl” for’ the landed clcn]cn(s,  I;or oltlcr
than the first mission, the Suf-vcyor  plogranl  i s
charac[crizcd  by (hc lnunc}) of two missions each
Ma[-s oppor[uaity (approximately every 2,6 n~onths),
and by the constraint to usc the Mcd-] ,i[c launch
vchic]c.

‘! ’he first lnission in the prog,tam,  MGS, is assigned to
fulfrll  as many of the scientific objcclivcs of the lost
Mars obscrvcl  Inission as can bc accomplished
within its }>rc)gr:\illrll:iLic  constraints, lt is co[lstraillcc[
10 use (hc l)cl[a II launcl]  vehicle.

~4(iS l:~<()(il<A~.MA’J’lC:  ~QN(:tWrl’

“]’hc clmllcngc  of MGS is to clcvclop a nlission ready
to launch in 26 months within a cost cai) of $ 154M,
‘1’his r e q u i r e d  cx[raoldinary t e c h n i c a l  a n d
nlanagcmcnt approaches cbarac(cristic of the fmtcr-
better-chcapcr concepts that arc clriving NASA today.

J1’I. had a vast cxpcricnce  base ft o]n tl]c M a r s
Obscrvcr  IIlission, II had just flown the M()
spacecraft for 10 months, and had complc[ccl  8 yc:irs
of MC) spacecraft, nlission, and scicncc dcvclopmcnt.
11 tmd a tcctlnicul and management team that was
very ]no(ivatcd  to rccovcr from the loss c)f MC). in
addition, it had a cornplcte set of spare hardware for
the MC) sparcc[ afl and some sl)arc  clcrnc.n(s of [tic
scicncc payload.

Studies conducted by 13 inciustrial  contractors during
the fall of 1993, along with JP1 ,’s tcain, concluded
that missions WCL feasible with various pn[-ts c)f tlIc
MC) science instrunlcnt  payload and coulcl be
ilnplcmcntcd  within tlic programlnatic  constraints
applic.d in till~c to mc.ct the Novcn]her- 1996 Iauncll
da[c.

A  colnpetitive  se l ec t ion  pmccss  rcsul(cd  in [hc

sclcclion in J u l y ] 9 9 4  of I,ock}/ccrl  M a r t i n
Astronautics (1.MA) of l)cnvcr,  Colorado, as the
industrial par[ner  in the MGS project with the

rcspm)sibility  of dcsiplling,  buitding, and testing lhc
MGS spacecra(’t, 1 M A 1)[ oposcd a spacecraft built
from (IIC spare clcc(mnic asscn~biics of MC) with a
ncw c~lrnpositc  ll)iltCl  ial structure and a ncw dual
mode ~]ropulsion  systrlll.

J1)I, is the J~rojcct  r~la[l:l~c[,  dots the Inission dcsig, n,
and Illan ages (Ilc flipll( operations. ‘1’hc scicncc
[)aylo;ld was sclcctcd by NASA Ilcadquar{crs as a
sut)scl of the M() p:~yload, The instruments arc
ilnplctlrcn[cd  by tile sclcc(cd l’rincipal lnvcstiga(ors.

‘J’hc  p[ograrnnla(ic  cotlcc])t for MGS was to usc as
nluch zis fmssiblc  of the lllission design, scicncc
instrull~cnts,  ftigllt opt] ations dcsi Sn and ground data
systcrl]  inheri ted fiolll h40. ‘1’llis tu[ncd out (o bc
quite Icasiblc, althoLl:ll  two significant changes were
rcquilcd  to meet tbc p[o~[arul[]alic  constraints.  I;imt,

acrob]  aking a( hoar’s  IS lcquircd because the Tnass
lilnittilion imposed by ttlc injcc(ion capability {of (Ilc
prcscl ihcd  i:iLlllctl Vcl!iC]C  would n o t  a]]ow cnoLlgh

011-hodl(l fLlcl to bc Cal I icd  to achicvc ttlc lcq Lli!-ccl

n~apl)lng olbit at h4ats,  Scconcl, the siz,c of the flight
opcra[ion [ca[li had to he rcduccd  10 f i t  f iscal
cons(l  aints.

IIcca[Isc  of (tic f i s ca l  lirttitation  of $154M f o r
dcvcloJmlcnt  cost ([() l a u n c h  ~lLIS 30 c l a y s ) ,  t h e
projctt  adopted a co$l dr ivcn paradigm whcrcirl cost
grow[h  above (}tc ]i!(li[  woLI/ci  be c]iminatcc] by the
~rxtu( [ion of pcrfol  Illarlcc capabilities within the
mission. “1’0 SLl~IlX)I-t  ttlc IIlaintcnance of the cost cap,
the IJrojcct introduced critical path schedule
pcrftrmancc asscssl[lcnt a n d  e a r n e d  v a l u e .
monitoring, aswc]l  as asc[  of 11 mcttics that pmvidc
car]) indication of plf)Srianllllatic ancl technical
pcrfoimancc,

‘J’hc cstahlisllmcnt  of a sharing of ]csponsibilities
relationship lvi(h (IIC industrial ]mrlncr  is [he another
key (onccpt of this fast t[ack project, JI’I.  brought
$30hl worth of sp;lccclaft  hardware and perhaps
$80hl wolttl o f  SOIIk  cnginccring  dc.sign t o  t h e
par(licrship.  I,MA hlought propulsion, structure,
spac~cl-afl  itltc~,ratlo[l  and test capabilities to the
par(licrship.  in addi(ioll,  flight operations will [)c

shalcd with I. MA, wllcrcirl I.MA provides  the
spa(ccraf(  l]calttl and wclfi~rc funct ion,  and JI’I.
pro~ides tlIc lnission s e q u e n c e  plan, l{lectronic
intclfaccs  have been established trctwecn JPI. in
I’as:, (lcr~a, C:ilifoll liit, allclI.  MA in IJcnvcr,  Colorado.
‘1’hc.  project LISCS  electronic clocumcntation and has
cst:!blished  pal)crless  proccsscs fo~ p ro j ec t
devrlopmcn[  an(i ftl~llt operations.
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.M1SS1ON lJIISCRII’’1’ION

‘1’IN MGS nlission is designed pcrforil)  an in[cnsivc
study of MaIs’ atn]osphcrc,  surface and inlcrior over
the period CIfa Maltian year (687 days), l~ivc major
expel-itllcnts and six irltcrclisci[>l i[lary investigations
wi l l  bc undcr(akcn, “1’hc payloacl  ccrnsis[s  of  f ive
instruments and (hc spacecraft lclccolll[lillnication
Systctll, l:ollowing ttlc initial two years of mapping
the spacccraf[ will serve as a radio relay station for
data froth  sulfate cxpcrilncnts  of (I)c  LJS and crthcr
nations t’oI an additional lhrcc year pcr-iod, “1’hc
tinlclinc  for the Iaission  is shown in }:igurc 1.
h4ission  ctliir:lctctistics:~lc  listed in’1’able 1 and kcy
C1’c.rlts:ltcsllowrl  inl’ablclf.

‘1’hclnission’s  payload will bcdctivcrcd  to Mars on a
spacecraft bus launcl)ccl in tllc November 1996 Mars
opportunity by a Mcllonncl[  I)ou~,las  I)cl(a II 7925
vchiclc ftoln the Upc Canaveral Air l~o}cc Sta(ion,
Af(cr  :\tcllll~()r~tll  crl\isc toh4:irs, tllcs~~accctaf[ will
bc i n se r t ed  into h4ar-s orbit by a ctlcmical  bi-
propcllant  systcm. l)uring  the ncx( five months,
acrob raking tcc]lniqucs  will bc usc(l 10 (l-an sfolm ttlc
initial elliptical 48 l]our orbit into a circular sun
synchronous (at 2 I’M) ‘2 hour orbit fronl  which Illc
missions’ cxpcrimcnts  will bc performed ancl the
planet rnappcd.

Acmhraking  is a kcy feature of the MGS. It is
lcquircd bccausc  the injection capability of lhc Dcl[a
11 istl()t sllfficicnt  tc)l:itlllctl  tllclllasso ffllcltcc]L)irc(l
to usc chemical propulsion 10 establish the rcquilcd
cil-cular  orbit for mapping. Acrobrakil]g was first
used in a planctal’y  mission by the Magcllan
spacecraft at Venus in 1993 as a clcmonstration
expcrinlcnt  following ttlc completion of the
Magcllan’s  prime mapping nlission. Acmhraking
will bc used fol tllc filst (illlc on a planctaty mission
on MGS as a pr-imc function in accomplishing the
mission’s ohjcclivcs. Acroblaking  is accomplishcci
by rcl)catccl ciipj~ing the spacccraf~ into top of the
M a r t i a n  a(lnosphc[c  at c.ach pcriapsis  passap,c,
slowing its orbital speed and thus Iowcring the
apmrpsis  in c)r(lcrtc)circlllari~,ccl  tllc orbit.

‘1’tlc nlapping  ori)it will l>c sun synchronous with its
cicsccn(iing node al the. 2 PM fictious mean sun
position in order to provi(ic (tic salnc lighting
con(iitic)ns  for all cia(a acquisition. l’hc orbit will
have an in(icx altiluctc of 378 km, an inclination of
92.9”, and a period of 117.65 miautcs. ‘1’hc orbital

p a t h  Ilcarly  r e t r a c e s  ttlc gr-OLInd track e v e r y  s e v e n

Marliaa ciays  (88 olbits), witi] a  59 km cas[warxi

offset from the prrvious  cycle. I’hc cycle repeats
atlcr  ?6 Mar(lan {ia~s (327 orbits), ‘1 ‘his process
enables the instrunlcrl[s  to observe over 99’% of the
piaact’s surface. ‘1’ilc  cilaractcristics OJ this ori>it were
sciccltd  to conlplc[tlcn[ the characteristics of the
paylrr;((i  ins[rurncn[s.

Anotil~r kcy fcatarc ol” the MGS mission is that data
i s  acquireci contitluously from the payload
instruracnts,  storcci  on- boarci f o r  tt-ansmission to
liarth once ca~,h ciay (iur ing onc ttackins  pass of a
34n1 1 )ccp Spiicc NctwoIk  s ta t ion,  An aciciitionai
I)aw o]lcc every lilruc days aliows tile transmission of
rca-lltnc da[a to au~!rltcn[ the continuous mapping
(iata v. itil Spccia] larp,etcd observations, SUC]) as iliSil
resolution inla~in~,

‘J’hc  orbital rttission design, with tt]e cxccption  of
acrobl akinp,, is nearly idcnticai  to (hat prcviolls]y
I)]ann( d for the lost hlals  Obscr  vcr mission, M(;S
carric~ aii but two ((;allltna  Ray Spcctl-omctcr,  and
]’rcssurc  hfiociu]ator ]ri[’rarcd ]{aciiomc(cr)  of the Mars
Ohscl ~rcr scicncc ilayload ins(rurllcn[s,

YABI.1< I: MISSION ( “tlARA C7’LXIS7’ICS

l,aanctl pcrioci:  NovcIIIi>cI  5-25, 1996
Arrival pcrimi:  Scl]tcrllbcl  11-22, 1998
1.auncil Vchic]c: I)cita 11 (7925)
Initial Mars Orbit:

period: 48hou1s
pcriaijsis alti[udc: 314k111
highiy clii])llcal

h~app]ng Orbit
pcrio(i:  11-/65 rninutcs
index aiti(adc: 378 km
sun synchtoll[)us:  2 PM
iaciinatioli:  9?.9”
nearly circular

Mapl)lngpcrio(i:  6S71iaT1h(iays
Relay pcrio(i: apploxilnatcly3  Iiarthycars
Vclc)(ity Change liud~c.t: 1 2 9 0  m / s  (95%1
cc~nfi(lcncc) total (inclll(ics MO1 at 981.5 rll/s)
‘1’racking  requirements: ] - 1 f) houls i)ass with a ~~rn

station caci~ day for storcci  (iata playback
anti navi~,at ion; I aciciitional  34m station
pass ever-y tilird  (iay for real-time data;
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7A BI.E 11: KEY MIS.TION  [< V1<NI’S

I,aulwh: Ncrvcmbcr 5, 1996
Innfx Cluisc: Nov. 5, 1996 to Jan 4, 1997
‘1’CM 1: Nov. 20, 1996 (1+ 15 days)
Outcr CYuise: Jan 4, 1997 to %pt,  10, 1997
I’CM 2; Mar 20, 1997 (1,-I  135 days)
“J’CM 3: Apr. 19, 1997 (l.+ 165 days)
7’(’M 4 AuE, 22, 1997 (MC)I-20 days)
Mars Orbit lnscrlion (MC)]):

Scpl. 11, I 997
Acmbraking: Sept. 11, 199-/ to Mm I 1, 1998
Mapping: Mar 15, 1998 (O Jan 31, 2000
Relay l’llase: l(eb. 1, 2000 to Jan 1, 2003

‘1’hc  Inission scqucncc is charac[crizcd by five phases
w h i c h  cncotnpass  cvcn(s  lhat pcl-form c e r t a i n
enabling functions for tlIc mission.

‘1’he launcl) phttsc  includes the I)clta II countdown [0

separation of the spacecraft from the I )clla’s (bird
slagc, ‘1’hc ]rrunch  pcrimt  extends for 21 days flonl
Novernbcr  5 to November 25, 1996.  This period was
chosen to proviclc  the required injection energy, an(i
(o provide enough tirnc to assure a high probability of
accomplishing the launch given conflicts on the Air
1 jorcc missile range, unacccptrrb]c weather, spacccratt
and/or launch vchiclc  anornnlics. ‘1’wo launch
az. imu(h crpporlunitics will bc Lrtiliz,ccl for each of the
first 11 days of the period so as to maximize the
probability of launch du[ing  this period which results
in the nlinimi?ation  of Illc aerodynamic hca[inp,
uncertainty durins  rrcrobraking. }Iistorical  data
conlbined  with tllc usc of two azimuths  pcr day
shows that tllc probability c)f I:iunchins  in ttlc first 3
days is X% ‘1’llc  first and second stages of the l)cl(a
11 vchic]c  put tllc spacecraft and the third stage, a
I’AM-l) ,  in an liar(l) parking orbit. ‘1’hc I’AM-I>
injects tlrc spacccmf(  into tl~c (rans-Mars  orbit,

l’hc cruise. phase is nearly tcn months in duration
covering the tirrlc from the spat.ccraft’s separation
from the launch vchiclc  to Mars c)rbit  insertion

(MOI). It includes the. clcploymc.nt of the solar arrays
and the initial in- fligt]t checkout of the spacccraf(
systcl~ls and the. scicncc pay]oad. (Ic)rll]llllllicatic)rls

dLlring  the first four nlonths, called inner cruise, is via
the spacecraft’s low gain antenna hccause.  the
unctcploycrl  high gain antenna does not point in the
earth clircction  dLII’i Ilg  this pc.liocl. ‘1’hc first trajectory

correction maneuver, which is designed to remove
]aunch errors ancl biases, is performed 1 S days after

Iauncll. In the lattcl part of cruise, called outer
cruise, when lhc sums  imcccraft-cal (h angle is srrlall
cnou~h to allow suitat)lc performance from the yet-
to-he-deployed hi~h ~ain an(cnna, cc)lrllllLlr]icatior]s
arc s\/itched  over to [Ila( an(cnna,  and Llp to t h r ee
additional trajectory correction  maneuvers arc
condoctcd.

‘1’hc orbit insertion phase txgins with [he Mars orbit

inscrllon buril  of lhc spacecraft’s main cngirrc  and
conclurtcs when lh~ spacecraft is in the desire.ci
mapi)lng orbit. ‘1’lic rllos[ sir,nil’icant  activity during
this p]lasc is the acr ol)[ aking operations that transition
the olt)il  fronl tllc ini[ial cllip[ical orbi L to the circu[a[
r[lap~)ing  orbit

I)CSSI  iL>tiQn. of Acr[)l)r  akirlg_L[!-(]rll. MGS_  N4issiorl
PrL~, ~r~jg~~  1 )oC_LltllCnt S42:40S)

Acrot)raking  begins  w i t h  an aerohr-akc walk-in
maneuver - (AI)  1 ), This propulsion systcrli  burn will
lower the pcriapsis to arl altitude of 138 kilometers
and (’o[-rcct  for slipllt iriclina[ioos errors incurred
darir{g the orbit itlscrlion burn. Grrendy, Alll  is
sche[lulccl  to occur at ltlc fourth apoapsis passage
after Mars orbit insertion. Un(icr norn]al
circulnstances,  MC)] will place the spacecraft into a
highiy elliptical, 48 tiour  pc.riod crrpturc  orbit at a
dcsctading  node 01 lcntation of a~]proximatcly 5:45
PM, ‘J’hcrcforc  All 1 will nominally occLlr nine days

af~cr M()].

Am) braking consists of three distinc( sub-phases:
w a l l - i n ,  rnaill I)h:lsc,  and walk-out Walk-irl
rcpr (scnts  the first of tl]c three to occur and begin
about nine days afIc  I MO I with tllc A}] 1 n~ancuver-
that Iowcr  pcriaf)sis frolo  the capture orbit pcriapsis
rrltit~ldc of 300 kilorllc,tcrs  to 138 kilon~ctcrs, Ovcr
the r,cxt month, tllrcc rllorc walk-in maneuvers (AB2,
AI]:{, and AI14) will giadLtally lowm the pcl-iapsis  to
1 l‘2 kilometers all(i rc.ducc ttlc pc.riod to about 40,6
]1OLII  S.

Af(cr completion c~f liIc walk-in, the space.craft will
spclld three rnontt]s in the main of acrobraking.
])LII Illg thiS PC1 id O f  tlrllc, rCpCa[Cd  [Icrifipsis

passages thlouF,ll tllc upper fringes of (hc h4artitin
atrilosphcrc will gt :idually slow the spacecraft and
Iowcr  tbc apoapsis.  Ily the cn(i of the acrobr’akc main
phase, atrnospilcric  drag will have lowered the
apoapsis  from tllc or iginat  altitude of 57,000
kilometers down to about 2,000 kilometers.
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‘1’hc three wrxks  of acrobr:iking  followins the main
phase represent an cx[rcmcly critical period as the

s p a c e c r a f t  Iowcrs its apoapsis d o w n  1 0  4 5 0

kiiomc(crs. I)uring [hat [irnc,  [he spacecraft will
slowly “walked-out” of the atmosphere by gradually
raising its pcriapsis altitude to 143 kilometers. Daily
acrotrrakirrg  [I-in]  m a n e u v e r s  (A IIMs)  will be
performed as ncccssary (0 main(ain  a lhrcc day orbit
lifetime. in o(hcl words, in (hc abscncc  of ABMs clue
to unforcsccn event that inhibit the ability of flight
controllers to rmmmand  the spacccraf(, MGS will
always bc a[ least three days from a fic. ry clash.

Acrobraking w i l l  cnd  with a tc.rn~ination  rnancuvcr

(All~) pcrfc)rmccl i n  ]atc J a n u a r y  1998. ‘1’his

m a n e u v e r  will raise (hc orbit pcriapsis out of the
atn~osphcrc, and to an altitude of apprmximatcly 400
kilornctc]s.  At this tilnc,  the spacecraft will bc
circling in a 400 x 450 kilomctc[  mbil with a period
s l igh t ly  llndcr two hours. In adclilion,  lhc dcsccncling
noclc loca[ion  will have advanced from its original
MOl  pos i t ion at  5:45 p.m. with respect  10  tllc

fictitious mean Sun 10 nearly 2:00 p.m.

l:ollowing [hc acrubrakinx tcrinina[ion  maneuver, tllc
orbit is allowed to drift until (Ilc pcriapsis is at the
south pole in l:cbruary 1998 wllcn a transition to
nlapping  orbit burn is performed to frcczc  the
mapping orbit. Gravity calibrations will bc
conducted, and the high gain antcnlla  will bc
dcploycci before mapi~ing opcr:i(ions begin.

Mapping wili begin in March 1998 ancl last for one
h4at (ian year (687 liurltl days). “1’hc spacecraft kecl)s
the scicncc instt umcnts  pointc(i al the. i>lanct surface,
continuously c.ollccting ciata, (lncc a day, this dala is
m[urncd  to the ] ;a!-(h dut ing a 1() hour II arking pass.

l’hc mtay pcl-iod (};cbrLlary 2000 to January 2003)

f o l l o w s  lnapi>ing and cons is ts  of the usc of tile

spacccraf($s  Mars Relay systctn  tc) provi(ic a Mars to

1 iarth relay func(ion for surface clcmcn(s  of future US
IIlissions and/or missions from other nations. l)uring
this pcl-icxi, a rll~ncuvcr wili raise tbc orl)it to a ncal
circular one of abou(  400 kilometers to assure that the
prohabiiity  that the. unslcriliyccl spacccr  a f t  wou]cl
impact the i>lanct meets  the internat ional
rcc]uircrncnts  for pianctary protection,

]’AY1 ,OA1) IJI{SCX<lI.V’lQN

‘1’hc  M(iS scicrlcc  payl(mi  is ciui(c sitniiar (o (hat of
Mars observer, I Iowc\cr,  (IIC Iovwr launch mass of
MGS as compared wriltl MaIs (lbsct vcr (1350 kg vs.
2250 kg) rcquirc(l  [hat only about haif as much mass
(“/5 K: vs. 150 kg) coul[i bc ctcvotcd to the scicncc
instrul!icnts, A conlmit(cc  of scicn(is(s apiwintcci by
h~ASA rccornnlcndcd  IIIC MGS payioad which wm
subsequcnt]y  api~rovcd. 1[ consists of the MO
payloa<l minus ttlc l’lcssurc Modulator In frarcci
Radio] ilctcr  (wllicil  tla~ Iwcrl scicc(c(i  (0 fly on the ’98
Survey or orbiter)  atld tllc (;amma Ray Spcctromctcr
(whictl is a canciidat[ [0 fly on the ’01 Surveyor
C)r-hitc[ ),

T h e  hiGS i>ay]oaci cor)sists o f  tile Ioliowing
instru~llcnts: Mars ()[bitcr  Carncra, Mats [~rhitc]
1 ascr Altimeter, ‘Ilwrll]al  l{mission Spcctrornctcr,
h4agr]{[(Jr]~et  cr/lilcct[or~  Reflccto(,  a n d  an LJltra
Stable oscillator for Radio Scicncc. A Mars l{clay

systc III is provi(icd  to relay information from surface
Cicrllcrl[s  10 Iiat [h.

‘l’he  hl ars Orbiter Calncr-n consists of three cameras:
two vwdc  angle, arfd (Ir]e narrow rrnslc.  ‘1’hc wide
arlglc ~ arncras,  onc WI(1I rrd rcsi~onsc an(i one with
blue rcsporlsc, arc used fo[ giol)al irnagcs similar to
those (Iftcrrcstliai  \vc:Ili  IcI satcliitcs with a [esolution
of about 7,5 krlottlctcrs. ‘]’hc narrow angle camcr-a,
with lcsolution of 2-3 meter, is used fc)r stu(iying
s[)ccif]c  sur face locales and fca(urcs,  liach camera
uscs a line array ~(~1)  sensor, an(i pr’oducc their
irrla~cs in a “pusl) 1)1(.)(jnl” rnodc wlwrcin the or[)ital
r[~otioil  of tt~c spacccml~ I)uil(is up the image line by
l i n e  ill t h e  calllera’s lar~c rncmory.  ‘J’hc  canlcra
assentl)iy is fixc(i to tlw spaccc[aft’s  oaciir equipment
deck. “l’he wide atiglc calneras arc a[[achcd  to the
for wa] (i edge of ltlc n:~l I ow arigic czrrncra’s  tcicscopc.

‘1’hc hlars  Orl)itcr  1.aser Altin~c[er measu re s  t he
Ilcig}ll of sulfidce featules I)y timing tllc return signal
from laser pulses cii]ccled fronl  the si>acccraft  to the
hlar-tittn surface. ‘Ihe laser has a 160 mete.r foot print
on th{ surface, IIy C(llllt)ining the laser return data
with (Ire spacecraft 01 bital ~msition ciata, (Ilc bcight of
surfa(c features can be cictcrnlincd to a fcw tens of
rnctcrs. “1’t]c cxpclirllcn[ w i l l  yiclci dctailccl

topop,l  aphic maps of hlals.

‘1’hc ‘1’hcrrmrl  I[nlissi{.jll  Slwclrornclcr  will hc LISCd to

deter Ininc the pr-o]]cr  [its of (hc Martian surface by
rncasurir~g the infrared ra(iiation emitted. “1’hrougil
the uic of a scarlnitl~ r]lirlor,  the instrument will also
obtai I I data from the at lnosi>hcrc.
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l’hc Magl~ctcJll~clc  r/lilcctrcJr~ Rcllec[onlcter
inslrunlcnts will bc used to search for cvidcncc 01 a
magnetic field and measure its strengtht  and to look
for rctnnnnls  of im ancient magnc(ic field. Its two
lnagnctonleter  sensors irrc locatccl at the tips of the
outboard solar arrays. ‘1’tlc  clcclron rcflcctomctcr  is
moun~ed at the edge of the nadir cquipmcnl  deck.

~’bc radio science experiment is conducted with usc
of the spacecraft’s tclccornrnunica  tions system. An
ultra stable oscillator is included as part of the
science payload to provide a very stable rcfercncc
frequency for (11c spacecraft’s tr:insmittcr.  ‘1’be
cxpcrinle.nl  will nlakc tcmpcraturc  and pressure
profiles of the planet’s atmosphere by observing the
clmngcs in this refcrcncc frequency as rcccivcd  by the
l)cep  S p a c e  Netwo[k  (tacking  statiorls  a s  t h e
spacecraft goes bchincl and emerges from behind tllc
planc(.

‘1’hc  Mat-s Relay systcrn,  provided to NASA by the
l~rcnch Space Agency, CNliS,  will be used to relay
data frcm the Russian ’96 mission’s surface clcmcnts
to Iiarlh. ‘1’his  400 MIIz, systcnl  stem its received
data in tile Inclllot y of tllc Mars Orbiter  Camera
before it is stormi in the spacecraft’s solid state
rccorxicrs fol- translnission to l;arlh, ‘1’he  system will
also be available after ttlc MCJS mapping lniss ion is
colnplctc  to lclay ciata from the Surveyor ’98 lander.
‘1’hc system uses a downlink  beacon to activate
transmission of I-clay data, but csscnlial  provi(ics only
a cm way colllrlllirlica(iorl link from the surface to
the MCrS spncecmf(.

I)ata arc formcci into packe[s  witilin the instruments.
‘l’tic packets arc routed through lhc spacecraft’s
conlmami anti ciata tmn(iling  syslern transrllitted to ttlc
Iiar[b,  routed ti~roug,tl the. ground data system and the
l’rincipal ]nvcstigators’ operations ccnlcrs  wlvm tllcy
arc proccsscd  in[o tllc experiment products.

‘1’hc  M(; S mission also includes six investigations
con(iucted by a group lntct-disciplinary Scientists who
wil l  use cialfi frorl] p r e v i o u s l y  dcscribccl
investigations to fotrn  a fuller pic(urc  of Mars as a
global entity. “1’llcse investigations inclu(ie:
wcatbcring, geosciences, polar atmospheric scicncc,
surface-atnlosplleric science, climatology, and
st]rfiicc llrc)llcrticsarl(i  gcc)rlior~lllolc)gy.

Scicncc  proclucts from MGS will be rapidly dcpositccl
in the various no(ics  of the, NASA Planetary System
for- distribution to the worldwide science cornmuni(y.
In adciition, thcdata wiilbc archived inthc National

Scicnct I)ata~cntcr  for acccssby  thcgcncral  public.
Ilnagcs and c~ltlcrscict~ccci:lt:i  will bcrclcascd  totlw
public media in nca-tca-time as soon as the
nccess:lly  proc’cssinp all(l calibration has been
complc[cd,

&Ac!_jc}<_A}  ‘1’ 1 )1 :s[:1{1  I’”I’1ON

“1’hchJ(iS  spaccc[-af~ is (Icsigncci  to Cirl-[y ~lle science
payloa(i to Mars, nlaintain its pro[]cr  pointing and
orbital con(iitiotls, anti to rc[ur-n the acquircci ciata (0
Ilarth. The sI}arecraft’s  mapping confrgura(ion is
silown ]n l;igur-c 1.

“1’IIc  s},.lcccr-aft’s  elrcl[onic  architecture is bascci on
tila(ol’ M~\rs Oi~sct\ct  Most of the n~zljorclectmnic
asscrntllics  arc spare hfia[s Observer units that have
b e e n  Ictrofittcd  to clintinate  post-MC) idcntificci
discrel,ancics.  ‘1’hc  clcsi~n is gcncraily single fault
tolcrarlt will) rc(iulldancy rnanagcd  b y  t h e
spacccl aft’sccrltral cotllputcrs

‘1’hc si,:icccraft  consis[s of two mated mechanical
nlociulcs:  the cqui[]nlcll[  rnmiulc that contains most
of the spacccr:ift’s clcctlonics, and the propulsion
mociul~ ti)at corllains all ttlc propulsion colnponcnls,
f u e l  al)d pressura[it  tanks, and ttlc. spacecraft’s
battcrirs.  ‘1’hc  scicncc lmyloa(i,  e.xcci>t for the t w o
magnc[omctcr  sensor’s, arc lc)catcd on the nadir
ec]uipliicnt deck aloj]tllc clcclronics module.

“1’hc X band telcc(~ll~l)]ll  tlicatic)[~s  systcm consists of
the tw)l) Mars observer [I:insponders,  the MO high
p,ain atltcrlrliircflcc[c)r wi~il a mmlificd RI; feed, two
new Thompson 25 watl tlaveling  wave tube power
amplifiers anti a new set of low gain an[ennas.  A Ka-
bancl cnginccrirls  cxperirl~en( i s  includeci. ‘1’he
transp(~ndcrs  arc ill thcrltairl busstruclut”e, ttlc power
amplillers, and ttle Kit-band electronics are located in
an enclosure 011 the back of the two axis articulated
ttigllp<lirl  arltcllnil. ‘I’llcllig,ll gairlalltcrlrla  arl(l its two
axis p,irnbals ale (ic])loyc(i  on a snort boom in orcicr to
provi{ie a clear view of I~arth  during orbital
operations. Ck)nllnan(i  Iatcs vary from 7.812.5 bps to

500 bl,s, with 125tJ[~s t)cirlg ttlcl~{~l~~il~al r:itc.

‘lhc sl~acccraf(’s  di!cct conversion electrical power
sys[cl)t  u s e s  f o u r  Solilr ~)ancls  in t\VO winss tO
gcncr(ttc  power for o~,cra[ing the spacecraft and

charging two 20 A-hr  nickclhydrogcn  batteries. ‘l’he
area of the solal- arlays was chosen to provicie the
necessary area for aerodynamic drag within the
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hca(ing  conslrain[  of 0,38whn2. }’arl of’ lhc arrays arc centrally fused. ‘l’tic IX)WCI SUpply electronics and
in]plcmcntecl  wit}] C;a Ar cells (inner panel),  and parl batlcr} charge assctllblics  aIc spare MC) hardwal-c.
with Si CC]IS (outer panel) to achieve ttw rccluircd
power capability of 940 watts at perihelion and 660 ‘1’hc c{)mnlanci  arid data handling system consists
walls at aphelion, Spacccraf( loads arc swi[chcd  by entirely of spare MO tmrdwarc with the exception of
the con)nMnd  and dala handling subsystem and arc two n(w solid s[atc Iccolders  (1,5 Gbits each) tha[

replace the tllrcc M(J (ape recorders, Software

Deck

rc.sides in tlm redundant Stauciai(i Chntmis IYoccssors
( 128K words RA,M, 20K wcmis PROM)(onc opcratccl
in tile hot backui)  mmie.), in tile }ingincc.ring IJata
};ormatler, and [tic in the I’ayloaci I)a(a Subsystem.
‘J’his  Systcln  ctccocics g,rounds  commands, sequences
(1IC spacecraft events, provides fault protection,
paylomi inst[ulncnt cc)l)lrc)l,  ciatt]fc)rillatlillg allciciflta
storage. ‘I’clcl~~ctry l-:ltcsvaryfrc)l~~  10 bpstc)85ksps.

I

. - .

momtntLlm unload, contlol to[ques, anti spacecraft

vclocl[y chansc.  A sitl~lc  596 N hi-propc.llant c.ngine
pK)Vi[lCS  thc [111’11S1  fo[ MaIs Or’bil ;IISCI’11011.  ~’WC]VC

4,45 N ]~]or)c)i)tc)[)cll:il)t  thlustc.rs p r o v i d e  f o r
Inom(ntum  unlcmcling,  low (icita velocity maneuvers,

and thrust vcc~or  co II(Ioi.  Signitl cant care ilas been
takcll to avoici tllc Ixltcn(iai ilrobicms of i~ropciian(
vapol mixing tilat l)a~ hccn su~~c. stcxi to tm tile cause
ofthr failure ofh4ars Observer.

A ciual mode propulsion system, newly designed for ‘1’hrcc axis attittr(ic contr’oi  is provicic throLigh  a series

MGS witi) significant hcritanc.e  from IiIC Cassini of sun sensors, acclcstial  sensor assc.rnb]y, an inertial
spacecraf t ’s  propuls ion design, provides for rcfcruncc uni[, a hflars  horizon s e n s o r ,  a n d  fcrLtr
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reaction whcc]s. At[itucie  cr)ntlol software resides in
the spaccct-aft’s command and clata handling systcm.

‘1’hermal control is provided will) blankets, surface
tlcatmcnts  and Clcc(t-ical heaters.

‘1’he equipment modu]c  and the propulsion module
arc constructed with composite surface sheets on
aluminum honeycomb and are edge clamped without
Suppcming  flames,

‘J’hc. spacecraft n~ass is summarized in q’able II:

7ABI,E II: ,T/)A CECRA 1’7’ MAS.7 SUA4MAR  Y

l’ilyl[)ad: 7s kg
spacccIalt  bus: 590 kg
I ~ucl : 385 kg

I ,aunch rims: 1,050 k~

Major technical p:ir-amctcrs and capabilities of the
spacecraft ale listed in ‘1’able. 111:

‘1’ransmitter  power:
l)ownlink Ikcquency:
lX~wnlink l)ata Rates:
lJplink l’rc.quc.ncy:
lJplink I)ata Rates:
At(ituclc control systcln:
Attitude stahilily:

At(itudc control:
Attitude knowlcd~c:
I)ata storage capacily:

25 watts
X-batld
] f) b]N  - 8 5  kSpS

X-band
7.81’25-500 bps
Three. axis s(ahlc
1 mr(frrrO.5s)
3 mr (for 12. s)
10 mr
3 mr
3 [ibi[s

The spacecraft flies with tllcsc~l:tla l-lay scar]tccl 30”
toward tllc +7, axis and the acro flow towards [be
nmin engine side of lllc propulsion module doling
acrobraking.  ‘J’his prwvidcs  a dynamically stable
configuration where the c.cntc.r c)f prcssutc  is behind
the center  of ]fiass. ‘1’he projccteci  area of t he
spacecmft is about 17 n]z and the ballistic number is
22.4 k@2.

El J[jI  1’1: QI’!W!’1’!ONS.

l’light opclations  for  MCiS wil l  be. Inanaged a n d

conciuctcc iby thcSurvcyorl:light  C)peraticms Project.
‘l’his operation tcalll will eventually able to conduct

tbc fli}:bt Opcratiolls  of iill the Surveyor spaccclaf(
(M(iS. ’98 orbiter, aIId the ’98 lander, and future
lnissio]ls) sirlllllt:irlcc)llsly.

IIasic clcmcnts of llIC tligbt opcrati[)ns  consis t  of
rtavig{ttion (orbit dclcrlnination  and maneuver
dcsigll), spacccmfl hraltl) and welfare, ground  dilta

systcni (operations and dcvclopnlcnt),  mission and
scquc[lce  planninp,,  aIId real-time rnarlap,cmcnt  and
control.

S u r v e y o r  ftighl opclatiorls  at-c ctlaractcrimd  by
rcnlot~  (f[-om .if ’l.) col)[rol of the science inslrunlents
anti llm remote oi~ct[l[ions of lilt  SJ)aCCCIaf[. ‘1’hc
scicn(c  irlstrumcn[  f~;~cratior]  control an(i science
instruincnt  ciata ploccssinr,  arc L-on(ioctcci  at the ilorne
institutions of tbc instlulncnts principai investigators
or tc:ili] ica(icrs, ‘1’hc s[mcccraft  bcalth and w e l f a r e
operations arc condll(tcd by the Projcc’(’s in(iustriai
lJartr)c~,J  .c)ckilcc(lM ;\t~il~ Astronautics, at i[sl)cnver,
(~olord(io faciiity )vilc]c tile spacecraft is built an(i
tcstc(i I)atacilcuits I,rovicic(i i~y ti~c NASA groLlnci

collllllLlrlicatiorls” faciiity provicie c o n n e c t i v i t y

bctwccnrcn~otc sites anti J])],  whcrc trackins cia[a is

rccci~cci  froni tbc I)cc[l Space hTctwork  and stored,

ami \\ here colnrnallci  IIlcssagcs  for ti~c spacccl-aft  are
asscniblcci.

JI’lllcrfornls  rllissi(lrl rllnr~agclllctlt, navigation,  (iata
:Idrlli[listl-atic)tl, anti Illis>ion planning anti sequence
cicvclopmcnt  in Pasacicna

I;xccl)t  for l~crio(is of critical activities (Iauncil,
ttajctlc)ryc{)ric.ctior]  ll~:ir~cLlvcrs,  h4~irsolt)it Insertion
an(i :tcrobraking),  oiwt ations arc con(iuctc(i ciuring
rcgu]arbusincss il{N1l’s, five ciays pc.r week.

“1’hc groun(i (iata system provi(ics s o f t w a r e  ar)~i
workstations for spacccl:iil  systcm test, spacecraft
flight operations, science instlumcnt  operations,
r~avi)’,ation, (iata i)tc)ccssing  al)(i archiving, an(i the
frroj< ct data base.

M(;S,  in coopcra[ioli  with tiw othcrcurtcnt N A S A
Mal.  missiorls, iscc)[~cillctitig aviSorI)tls  program of
pubiic and eciucatiotlal outrcaci], cicsi~rlcd to further
ciistlibute in fmll~ation about an(i from the project for
ccio~ational acivan{cmcnt, CJsirlg  MGS ciata a s  a
catalyst, cciuca(ional  lnatct-ia]s wili he cicvc,lopcct anti
ciis[libuterl  with crn[}lmsison grades K-1?,. Outrcacb



,

ccn(crs al u n i v e r s i t i e s  aImund lhc cwnlincnlal U S ,
Alaska  and Ilawaii  arc focal poin~s for regional
distribution, C1)-ROM  b:ised teaching materials arc
being developed, as arc video anti bard copy teaching
rl~atcrial using Mals and the M~JS mission as tools
for itnproving  education in science and nlathcrnatics,

~)lVIII .OPMllN’1’ S’I’A’1’US ‘1’IIIR’1’lII;N _MQN’1’}IS

]] Ijf;C)l{J~l,AIJNC}l

As of 1 October 1995, a little rnorc  than 13 months
bcfor-e (I)c  opening of the taunch pcricrci,  the hlGS
projccl is on schedule and operating within its cosl
plan, Al[ of the majol  systcm and subsystem level
design reviews have been satisfactorily complctcd.
Reserves of appr-oxilllately  34% remain on [he cosl 10
complete ltle prc-launctl  development. l;if(y-f]vc
dnys  of funded slack tirllc cxisl in the critical path
activities to launch,

‘1’hc  spacccmft  is bc.ing assembled at  l.ockllcrd
Marlin  Astronaut ics  in  ]>cnvcr, and the fi]st
application of clectl ical power 10 IIIC command and
data handtins  systcrn instaltcd  on the spacecraft
SIILICILIIC  is :lnli~ipalc,(] lrl n~id-oc[obcr.

“1’hc Ultra Stable Oscillator for the science payload
has been ctclivcrcd c)n schedule.  ‘J’hc M:im ~rbital
Camera and (he Mam Relay arc schedule for (iclivcry
to the spacecraft on 1 November, with the
M:igl]ct(~tl~ctcr/l  \lcc:trc,rl  I{eflectomcte]  cxpcc.tccl on 1
I)ecclnbcr, ‘1’hc Mars orbiter 1,ascr Altimeter and the
‘1’llcl-[nal Ihllission Spcctrorncter are. in assembly and
lest at (his elate, and arc cxpcctcd  to join the
spacecraft on 1 hflarch and 1 April 1996, respectively.

‘1’bc ground data systcrn that supporls spacecraft
system tes(ing  and fli~ht  operations has been
dclivcrcd,

While the MGS IIlission opc.ration  systc]n has been
designed to opcrjtc  in a standalone manner providing
sc.rvicc to only the MGS mission, [he clcvclopmcnt of
t h e  rlltllti-s~~acccl-:tf(  SLII veyor  l;light Opcrations
Project is in its definition (phase  11) phase, A critical
design review of the rll Lllti-sJlacccr:ift  operations plan
wiil hc COI)(ILIC(C(I  in }Jcbr-uary 1996, and the MGS
flight operations will be spumoff  and fern] tlm basis
of the Surveyor I?light operations Project in March
1996.

“1’hc hfars  C)bscrvcr  c~pciicnce has been cx[rcmcly
valuat)le  in the pro~rarl~matic and technical execution
of’ tt]c MGS plojcc[. (’allying forward these lessons
has b~cn facili(a(cd  because the core nlanagcnlent
team :,t JP1. have dircc[ MC) expcricncc,

From a programnlati( standpoint, tllc recognition 01
lhc illlpor(ancc of [Ilc cost driven paradigm and the
sensitivity to the issl)cs  of pcrt”orlnancc  growth that
were dorninarlt in the hflo dcvclopmcnt  have ‘rwcn
one oi [hc rnos[ illlllo[[:int  lcssot]s.  Ilqually important
has been (tm es[ablislll)lcn~  of l>r-ogr;ill~ll~:ttic  nletrics
that w crc not used on hlo.

In the technical area, rtlc usc of Nf[) spare hardware
and s~)ftw arc allou, cd tl)e collection of pl’cviou sly
undctcctcd design f~iults that may have irllpaircct M()
opera{ ion in mbi[. ‘1’tlc use of tbc mission design,
grcrun,l  da t a  sys[cin atld tile inlprovcmcnts  ttlcr-cin
suggc.tcd by IIIC MO ]Ilission as flown, have proven
to be la[-gc cost sairiljg ‘1’hc thermal design lessons
of (}IC prcssuranl  ]xjl-lion  of the. propulsion subsystem
have tmn carefully aj~])lic(i. ‘1 ‘he benchmark of t be
MC) fli~ht operations cxl]cr icnce }MS enabled a 40%
rcduclion  in ttlc operations staffing with the adclition
of sc\ cral autonlatcd  fli~,tlt operations nlarla~cnlcn(
and analysis tools. And finally, the application of
stron{ systcm cnginuctill~ at the project level, that
did not exist durinr,  tllc M() dcvcloprucn[,  has been a
kcy cllabling capal]i]i(y ill making  clcsign decisions
faster and bct~cr rnanncr,

A(:KN()\VI  .1ll>(;liMl[N’1’

l’hc Ivork  dcsc[i bed in this paper rcplcscnts  one
phase of rcscar’ctl call icd out by ttlc Jet ]’ropu]sion
laboratory uriclcr contract  (o t he  Na t iona l
Acrorlautics  and Space Adrninistratic)n. ‘1’lIc audmr
:,ratclul]y  ackno~v]cdgcs  tllc work of tl]c m a n y
Incml,crs  (NASA :(nd iridastly) of (IIC MfGS project
team, who have dcvclo~)cd  (lIC matclial which forms
the b:lsis of this pallet, and who at-e working tire. tcssty
to full’11]  the cx[m~alions lost wi[t] the failule of ttm
Mars observer spacec[ af[.
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